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(54) Exposure control technique for platesetting and imagesetting operations 



(57) An article of manufacture includes a medium 
(710) having a plurality at checkerboard patches (720) 
recorded thereon. Each of the patches is of equal nom- 
inal tint and formed of dots (510). The dots of each of 



the patches are of equal nominal size with the size being 
different Irom that of the dots forming all other patches. 
One of the patches is arranged adjacent to all other 
patches. 
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Description 

FIELD OF THE INVENTION 

A portion of the disclosure of this patent document 
contains material which is subject to copyright protec- 
tion. The copyright owner has no objection to the fac- 
simile reproduction by any one of the patent disclosure, 
as It appears In the Patent and Trademark Office patent 
files or records, but otherwise reserves all copyright 
rights whatsoever. 

Technical Field 

The present invention rotates to digital presetting 
and fmagesetting. More particularly, the present inven- 
tion rotates to the establishment and monitoring of the 
proper exposure setting of an image recording device. 

Background Art 

Modem electronic digital platesetters and images- 
etters write or record images for subsequent reproduc- 
tion at a predefined resolution rate. Such systems may 
write or record images on various media including, pho- 
to or thermal sensitive paper or polymer films, photo or 
thermal sensitive coatings, erasable imaging materials 
or ink receptive media mounted onto an Image recording 
surface, polymer film or aluminum based printing plate 
materials, all used In image reproduction. Such media 
are mounted onto a recordin g surface which may be pla- 
nar or curved. 

Conventional digital Imagesetters include a raster 
image processor (RIP) which receives signals repre- 
senting an image to be recorded on the applicable me- 
dia and converts the signals into instructions to a scan- 
ner which scans the recording media to produce the de- 
sired image. It is the function of the RIP to process the 
received signals representing the image into an instruc- 
tion set corresponding thereto which will be understood 
by the scanner. 

In an article entitled 'Howto Calibrate and Linearize 
an Imagesetter Using the Digital UGRA/FOGRA 
Wedge" (Franz Sigg and David Romano, Society for Im- 
aging Science and Technology, Proceedings of the 
Fourth Technical Symposium on Prepress Proofing and 
Printing, October, 1995, pp. 88-92), which was co-au- 
thored by David Romano who is also a co-inventor of 
the invention described herein, the need for imagesetter 
predictability and repeatability is discussed. As noted 
therein, most modem imagesetters require adjustment 
so that a pro-specified solid density associated with the 
medta to be imaged is produced. In most cases, it is re- 
quired that the imagesetter be adjusted until a solid den- 
sity within a range of 1 .0 to 4.0 or more Is obtained on 
the medium being recorded. A densitometer can be uti- 
lized to measure the density of a recorded Image to en- 
sure correspondence with the pre-6pecified density. 



In practice, the scanner intensity is often adjusted 
to change the density of a recorded Image. However, 
because the intensity adjustment does not guarantee 
that desired dot areas will actually be recorded on the 

5 medium, it has been proposed that linearization curves 
be utilized to further adjust the imagesetter to offset the 
dot gain on the medium recorded by the Imagesetter 
which is typically experienced as the intensity of the 
scanner is increased. In this way, the size or number of 

10 dots within an image are modified so that the desired 
dot areas will actually be recorded on the Imaged medi- 
um. However, utilizing linearization curves does not en- 
sure proper exposure. Although the use of linearization 
curves, may result in proper dot areas, the adjustments 

t£ made to obtain the desired density may also result in 
undesirable dot fringe or tog between the dots on the 
recorded medium. 

In the above referenced article, It is proposed that 
half-tone patterns formed of one-by-one, two-by-two 

20 and four-by-four pixel checkerboards be compared with 
a 50% halt-tone patch to calibrate the Imagesetter. More 
particularly, it was disclosed that the proper imagesetter 
exposure occurs when the three checkerboards and a 
50% half-tone patch have the same darkness or tint and 

6 hence the same visual density. 

In non-digital platemaklng, It is well known to form 
continuous grey tone wedges with a plurality of contin- 
uous tone density patches on a separate sheet of me- 
dium to compare with a test or registration patch formed 

30 on the recorded medium to initially set the exposure of 
the platemaker anoYor to confirm that each Individual 
sheet of recorded medium includes a test patch which 
matches the selected patch on the wedge. Such a 
wedge is depicted in prior art Figure 1. 

55 As shown in Figure 1 , the wedge 10 includes vari- 
ous continuous tons density patches 20 which are num- 
bered 1 -1 3 on the wedge. The densities of the respec- 
tive patches vary from 0 to 100%. Other fields, which 
are not relevant for purposes of the present disclosure, 

40 are also Included on the wedge 10. The patches 20 are 
formed on a medium 30 which is preferably of a material 
substantially similar to the medium to be production Im- 
aged and on which the test patch is to be recorded. The 
platemaker operator is instructed which of the particular 

45 step(s) on the wedge 1 0, and therefore which of the spe- 
cific patch or patches within the continuous tone density 
patches 20 the test patch recorded on each piece of pro- 
duction medium must correspond to in order to be ac- 
ceptable. 

so in a typical operational setting, a range of steps, e. 
g. 4, 5 and 6, might be designated for use in initially es- 
tablishing the exposure setting for the platemaker or in 
monitoring the acceptability of recorded medta and 
hence the repeatability of the platemaker. The wedge 

& 10 provides a simple way In which to Initially set the 
platemaker exposure and to monitor the quality of re- 
corded media In non-digital platemakers. Although pro- 
viding a rough indicator for initially establishing an ac- 
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ceptable platemaker exposure setting and for monitor- 
ing ptatemaker repeatability by ensuring that ali record- 
ed media is exposed at approximately the same level, 
the wedge 1 0 cannot ensure that the recorded test patch 
actually corresponds to a desired density. In any event, 
many of the operators now operating digital platesetters 
and imagesetters were trained on non-digital ptatemak- 
ers and are familiar with the use of the Figure 1 wedge 
tor quality control. 

Objectives of the Invention 

In viewot the above, it is an objective of the present 
Invention to provide an Improved technique tor calibrat- 
ing digital platesetters and imagesetters. 

It is a further object ol the present invention to pro- 
vide a technique which allows digital platesetter and im- 
agesetter operators to simply and precisely establish 
the correct exposure lor the platesetter or imagesetter 
prior to production recording ol desired images on a me- 
dium. 

It is a further object of the present invention to pro- 
vide a technique which allows digital platesetter and im- 
agesetter operators to simply and precisely monitor re- 
peatability of the platesetter or imagesetter using an aid 
similar to that used in non-digital platemaklng. 

It is an additional objective of the present invention 
to provide a technique which allows platesetter and im- 
agesetter operators to visually determine whether or not 
exposure has been optimally adjusted. 

It is still another objective of the present invention 
to provide a technique which facilitates a precise deter- 
mination of how close the digital platesetter or images- 
etter exposure is to its optimum exposure. 

It is yet another objective of the present invention 
to provide a user friendly technique which allows digital 
platesetter or imagesetter operators to visually deter- 
mine the acceptability of characters to be printed on a 
medium at an exposure level during production opera- 
tions. 

Still a further objective of the present invention is to 
provide a digital platesetter or imagesetter system with 
automated exposure monitoring and/or control. 

Additional objects, advantages, novel features of 
the present Invention will become apparent to those 
skilled in the art from this disclosure, including the fol- 
lowing detailed description, as well as by practice of the 
invention. While the invention is described below with 
reference to preferred embodiment(s), it should be un- 
derstood that the invention is not limited thereto. Those 
of ordinary skill in the art having access to the teachings 
herein will recognize additional implementations, modi- 
fications, and embodiments, as well as other fields of 
use, which are within the scope of the invention as dis- 
closed and claimed herein and with respect to which the 
invention could be of significant utility. 



Summary of the Invention 

In accordance with the present invention, a digital 
platesetter or Imagesetter control wedge is formed by 

5 recording a checkerboard pattern, having a plurality of 
checkerboard patches on a medium Each of the patches 
Is of equal nominal tint e.g. 50%. The pattern may be 
imaged in a positive or negative polarity. The dots form- 
ing each patch are of equal nominal size but different fan 

io 6ize from the dots forming all other patches. Preferably, 
the checkerboard patches are loomed of 1 x1 pixel dots, 
2x2 pixel dots etc. up through a dot size which is rela- 
tively insensitive to intensity changes as established for 
the presetting or Imagesettlng system, e.g. 8x8 pixel 
dots. The patch reflecting the least positive checker- 
board, such as an 6x8 pixel patch, is preferably ar- 
ranged adjacent to all other patches. It should be rec- 
ognized that depending upon the implementation, a 
larger or smaller dot size patch could, if desired, be ar- 

20 ranged adjacent to the other patches. This arrangement 
simplifies visual comparison of the tints of the more sen- 
sitive patches, i.e., the patches having the smaller dot 
sizes, with that of the least sensitive patch, i.e. the patch 
having the largest dot size. 

2S For ease of use, the patches are arranged in a row 
with the least sensitive patch disposed along the length 
of row and adjacent to all other patches. Preferably, 
each patch In the row Is formed of dots, the size of which 
exceeds the size of the dots ol the prior patch in the row 

6 by one pixel In each of two orthogonal directions. A vis- 
ual determination that the tint of the least sensitive patch 
matches the most sensitive patch in the wedge is indic- 
ative that the Imager is operating at the correct exposure 
level. 

35 The control wedge also provides a tool for visually 
determining the degree to which the actual exposure 
setting of the platesetting or imagesetting system used 
in producing the wedge differs from the optimum expo- 
sure. More particularly, the location of the most sensitive 
patch having a tint matching that of the least sensitive 
patch will provide a relatively precise indicator of the de- 
gree error in the system exposure setting. For example, 
if the patch beginning the row is a checkerboard having 
a 1 pixel dot size and each successive patch in the row 
45 has a 1x1 pixel increase in dot size, should the tints of 
the least sensitive patch, e.g. an 8x8 pixel patch, match 
with those patches having a dot size from 3x3 through 
7x7 pixels, the operator will know that the exposure is 
acceptable down to a 3x3 pixel dot size and can there- 
to fore gauge whether or not the exposure setting Is satis- 
factory for the intended production recording. 

Advantageously, the digital platesetting or Images- 
etting system is operated at a first exposure setting to 
create a first control wedge, including checkerboard 
ss patches, on the medium, and at a second exposure set- 
ling to create a second control wedge, including the 
same checkerboard patches, on the medium. The se- 
lection of the firGt or second exposure as the preferred 
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exposure of the digital presetting or images etting sys- 
tem for production Imaging Is determined based upon a 
comparison of the match of the thts o1 the patches re- 
corded at the first exposure setting with the match of the 
tints of the patches recorded at the second exposure 
setting. If the match is better at the first exposure, then 
the first exposure Is selected and visa-versa. By forming 
an array of wedges, each at a different exposure setting, 
a precise determination of the correct exposure setting 
can be made. 

In accordance with still other aspects of the Inven- 
tion, the control wedge may also or alternatively be 
formed by recording other patterns on the medium. 
These patterns may Include one or more of serif text, 
hairline, microline and midtone array patterns. These 
specific patterns are particularly beneficial in providing 
a visual judication as to how production images, whether 
graphics or text, recorded at a particular exposure will 
look to an observer. These latter patterns are preferably 
imaged in both positive and negative polarities. The mi- 
crolines are preferably spaced at twice their width In or- 
der to provide enhanced visual information as compared 
to a one pixehon, one plxel-off pixel arrangement, i.e., 
spacing equal to the line width. As with the checker- 
board pattern, these tatter patterns may also beneficially 
be formed in an array of wedges, each at a different ex- 
posure setting, for use in determining the correct expo- 
sure setting. 

In accordance with yet other aspects of the inven- 
tion, the wedge may also or alternatively be formed by 
recording a highlight and/or shadow dot pattern on the 
medium. As is well known in the art, highlight or shadow 
dots, depending on whether the medium Is of positive 
or negative polarity, are particularly suitable for checking 
the maximum or minimum density of an Image record- 
able on the medium for comparison with the pre-speci- 
fied Dmax or an assumed Dm in for the medium. 

In its most preferred embodiment, each control 
wedge includes all of the aforementioned patterns. An 
array of wedges Is recorded on the medium at different 
exposure settings to initially establish the proper expo- 
sure setting for production imaging. A preliminary selec- 
tion of the proper exposure for production Imaging is 
made based upon the exposure setting of the particular 
wedge, within the array of control wedges, having the 
least sensitive checkerboard patch with a tint that 
matches the tint of all other checkerboard patches within 
the wedge. The density of the maximum density high- 
light dot or minimum density shadow dot within the 
wedge recorded at the preliminarily selected exposure 
setthg is then determined with, for example, a densito- 
meter. If the density reading Is satisfactory, i.e. falls with- 
in the Dmax range established by the manufacturer or 
the assumed Dmin range tor the medium being record- 
ed, the serif text, hairline, microline and midtone array 
patterns included in the wedge recorded at the prelimi- 
narily selected exposure setting are visually inspected 
to confirm acceptability of the preliminarily selected ex- 



posure setting. 

In conventional digital presetting and imageset- 
ting systems, the image reader generates a digital signal 
representing an image. The raster image processor 
s (RIP) transforms the digital signal into an imaging signal 
readably by a platesetter or imagesetter controller. The 
platesetter or imagesetter is control led by a controller to 
expose a medium to record the image in accordance 
with the imaging signal. A media processor is used to 
develop, i.e. finish, the exposed medium. The finishing 
of the exposed medium may be performed by any post 
imaging process. For example, finishing may include 
chemical, mechanical, electrical and/or heat treatment 
of the exposed medium. The finishing may Involve, de- 
velopers, fixers, brushing, lamination, pealing, washing, 
rinsing, drying and/or any other technique suitable for 
finishing a latent or patent image recorded on the medi- 
um. 

In accordance with the present invention, a memory 
device is provided to store a set of instructions and is 
interconnected to a computer processor included in ei- 
ther the image reader, RIP or controller of the preset- 
ting or Imagesettlng system. The computer processor, 
in accordance with the stored instructions, generates 
signals responsive to which the imager, i.e. the plateset- 
ter or imagesetter, exposes the medium to record the 
wedge or array of wedges described above on a medi- 
um. The exposed medium is then developed such that 
the wedge patterns on the finished medium are indica- 
tive of the combined operation of the imager and the me- 
dia processor. To still further automate the system, a 
densitometer or other sensing device can be included 
to automatically detect the density of, for example, the 
maximum density highlight dot or minimum density of 
the shadow dot, or one patch of the midtone array or 
one of the checkerboard patches recorded on the fin- 
ished media. The system exposure setting is then auto- 
matically adjusted based upon the detected density 
such that subsequently exposed media match a target 
density, I.e., a Dmax or Dmln range. In this way, a fully 
automated closed loop plates etting or imagesstting sys- 
tem is provided. 

Brief Description of Drawings 

Figure 1 is a prior art wedge of the type utilized in 
non-digitaJ platemaking operations. 

Figure 2 depicts a digital presetting system. 
Figure 3 depicts a digital imagesetting system. 
Figure 4 depicts a densitometer which can be Inter- 
conn eel ed to the platesetting or imagesetting system of 
Figures 2 and 3. 

Figure 5 depicts a halftone dot patch. 
Figure 6A depicts a 2x2 pixel halftone dot patch. 
Figure 6B depicts a 4x4 pixel halftone dot patch. 
Figure 6C depicts an 8x8 pixel halftone dot patch. 
Figure 7 Is a simplified depletion of a control wedge 
in accordance with the present invention. 
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Figure 7A is a graph showing the sensitivity of the 
halftone dot patches forming the checkerboard pattern 
of Figure 7. 

Figure 8 depicts an array of control wedges of the 
type depicted in Figure 7. 

Figure 9 depicts the use of control wedges in mon- 
itoring imaging operations in accordance wfth the 
present invention. 

Figure 10 is a look-up table suitable for use In ad- 
justing the exposure of a presetting or imagesetting 
system in accordance with the present Invention. 

Figure 11 is a block diagram of a processing sub- 
system suitable for use in recording control wedges and 
adjusting of the Imager exposure fan accordance with the 
present invention. 

Figure 1 2 depicts a networked presetting or imag- 
esetting system in accordance with the present inven- 
tion. 

Description ol Preferred Embodiment(s) 

The present invention relates to a control wedge 
termed of patterns which can be used to enhance image 
quality in digital imagesetting and presetting opera- 
tions. The wedge is suitable for use in initially establish- 
ing, monitoring and automatically adjusting the expo- 
sure of digital imagesetting and presetting systems. 

As used In this application, the term 'pixel' will be 
used in the customary manner to describe a single pic- 
ture element which is the smallest unit of square area 
which can be exposed by the imagesetting or preset- 
ting device. As will be understood by those skilled in the 
art, a pixel serves as the smallest building block of all 
images, whether text and graphics. 

The term "addressability' is used to Indicate the 
smallest incremental image which can be formed by the 
imaging device on a media. Addressability, as is under- 
stood in the art, is typically referred to in dots per square 
inch ("dpi") which is indicative of the smallest possible 
distance between pixels which are formed on a media 
by the imagesetting or presetting device. 

The phrase "halftone dot" is used to indicate a con- 
figuration of one or more pixels spaced according to the 
addressability of the imagesetting or presetting device 
to represent a particular pattern density. 

The term "checkerboard patch 1 is used to refer to a 
matrix of halftone dots which form a checkerboard like 
patch. A checkerboard patch always includes exactly 
half of its area formed of completely empty spaces and 
half of its area imaged with halftone dots. The size of 
the checkerboard patch is expressed as the square of 
the pixels along the length ol one side of one halftone 
dot. Accordingly, a 4x4 checkerboard patch, for exam- 
ple, contains halftone dots comprised of sixteen (16) 
square pixels. 

Turning now to Figure 2, there is depicted a digital 
presetting system 200 which includes an image proc- 
essor 205, which may be a personal computer or high 



powered workstation, for laying out and editing an image 
to be recorded on the desired media The processing 
subsystem 205 may, if desired, include a scanner for 
scanning a pre-existing image to read the Image which 
5 is to be recorded on the media. Data representing the 
image is transmitted from the image processor 205 to 
the raster image processor (RIP) 21 0. The RIP 210 con- 
verts the data from the image processor 205 into instruc- 
tions which can be understood by the platesetter 220. 
10 A plate supply device 224 feeds printing plates into 
a cylindrical drum type platesetter or imager 220 which 
includes an optical scanner 222 which scans the plate 
to expose a desired image on the plate. The platesetter 
220 Is controlled by the controller 230 which receives 
'5 signals from the RIP 210 and controls the exposure of 
the scanned light beam on the plate being imaged as 
well as other operational parameters of the platesetter 
220. The Imaged plate is fed into a plate or media proc- 
essor 240 which develops or finishes the latent or patent 
image formed on the plate by the platesetter 220 and 
delivers a developed plate 250 which can be used to 
print the images which have been formed on the plats 
onto another medium such as paper. 

Figure 3 depicts a digital imagesetting system 300. 
The system 300 includes an image processor 305, 
which may be a personal computer or high powered 
workstation, for laying out and editing an image to be 
recorded on the desired media. The image processor 
305 may, if desired, include a scanner for scanning a 
pre-existing Image to read the image which Is to be re- 
corded on the media. Data representing the image is 
transmitted from the image processor 305 to the raster 
Image processor (RIP) 310. The RIP 310 converts the 
data from the image processor 305 into instructions 
which wilt be understood by the imagesetter 320. 

The imagesetter or imager 320 has a cylindrical 
drum and includes an optical scanner 322 for scanning 
media which is continuously fed from the media supply 
324 to the portion of the cylindrical drum over which the 
scanning occurs. The Imagesetter Is controlled by a con- 
troller 330 which receives signals from the RIP 310 and 
controls the exposure of the scanned light beam on the 
media, along with other Imagesetter operational param- 
eters. 

After optically scanning the media in the cylindrical 
drum of the imagesetter 320, the media is fed through 
the media processor 340 wh ich subjects the imaged me- 
dia to development or finish processing as is wall under- 
stood in the art. The finished media 350 is output from 
the image processor 340. 

Figure 4 depicts the finished media 250 or 350 be- 
ing automatically ted through a densitometer 400 which 
is disposed in the output path of the finished media. The 
densitometer 400 automatically detects the density ol 
an Image on the finished media 250 or 350 as It travels 
along its output path. The densitometer 400 is benefi- 
cially Interconnected to the controller 230, 330, RIP210, 
310, or image processor 205, 305 ol Figures 2 and 3, 
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as applicable, so that a closed loop system is provided 
and the exposure can be automatically adjusted based 
upon the detected density of a selected portion ol a con- 
trol wedge termed along the edge of the finished media 
250 or 350. 

The densitometer 400 is prelerably a reflection den- 
sitometer. The use of the density In establishing, moni- 
toring and adjusting the exposure of the platesetter 220 
or imagesetter 320 will be detailed further below. Of 
course, rather than using a densitometer which is ar- 
ranged to delect and transmit density Information back 
to the controller, RIP or image processor for use in au- 
tomatically adjusting the platesetter or imagesetter ex- 
posure setting, a portable densitometer could be utilized 
by the operator to determine the density of an image on 
a sampling of finished media and any adjustments to the 
exposure setting manually inputted by the operator to 
the controller 230 or 330 via either an Input device con- 
nected directly to the controller 230 of the platesetter or 
controller 330 of the imagesetter or via the input device 
of the image processor 205 or 305, or an Input device 
connected to the RIP 21 0 or 31 0 of the platesetting and 
Imagesetting systems 200 and 300 depicted in Figures 
2 and 3. 

Before detailing the control wedge which can be 
formed by the platesetting and imagesetting systems 
200 and 300 depicted in Figures 2 and 3, a further de- 
scription of certain patterns which can be recorded by 
the depicted systems will first be described. 

Figure 5 Is a somewhat simplified depiction of a sec- 
tion of a checkerboard patch 500 wh ich is formed of half- 
tone dots 510 which are in turn formed of a matrix of 
pixels. Exemplary pixel 520 Is shown solely for refer- 
ence purposes and would, of course, not actually be im- 
aged at the location shown which forms part of the un- 
recorded space between adjacent imaged halftone 
dots. 

Figures 6A-6C provide a somewhat more detailed 
depiction of checkerboard patches used in the control 
wedge In accordance with the present invention. As in- 
dicated, Figure 6A depicts a checkerboard patch 600A 
which is formed of halftone dots 61 OA imaged of 2x2 
pixels. Hence, each dot Is formed of four imaged pixels 
and each dot is spaced such that two pixels separate 
the opposed sides ol adjacent dots. 

Figure 6B depicts a checkerboard patch 600 B 
formed ol dots 61 0B having 4x4 imaged pixels. The 
spacing between opposed sides of the dots 610B which 
are adjacent is four pixels. 

Finally, in Figure 6C a checkerboard patch 600C is 
depicted which includes dots 61 0C. The dots 61 0C are 
formed by Imaging 8x8 pixels. The opposed sides of the 
dots 61 0C which are adjacent to each other are sepa- 
rated by eight pixels. 

As can be seen from the checkerboard patches de- 
picted in Figures 6A-6C, each patch 600A-600C has a 
nominal percent coverage or Imaged area which is al- 
ways 50%. Each halftone dot in each of the respective 



checkerboard patches 600A-6C0C is of the same size 
and consist of the same number of pixels. For example, 
in the checkerboard patch 600A, each halftone dot has 
four Imaged pixels. In the checkerboard patch 600B, 

5 each halftone dot is formed of sixteen pixels. While in 
the checkerboard patch 600C, each of the halftone dots 
has sixty-four Imaged pixels. This would also hold true 
for other halftone dot configurations. Hence, a checker- 
board patch formed of one pixel would consist of hatf- 

10 tone dots each having one imaged pixel and a checker- 
board patch formed of 7x7 halftone dots would consist 
of halftone dots all having forty-nine imaged pixels. 

As has been discussed above, the spacing of the 
pixels within each halftone dot Is determined by the ad- 

'5 dressabilrty of the platesetter or imagesetter. To more 
finely adjust the pixel size, and accordingly the size of 
each halftone dot, the exposure and intensity of the op- 
tical beam Imaging performed within the platesetter or 
Imagesetter and/or the degree of processing by the im- 

20 age processor can be adjusted. Conventional tech- 
niques for adjusting these parameters have failed to pro- 
vide a simple way in which to precisely and accurately 
establish imaging parameters to obtain images of the 
desired quality on the finished media. As will be detailed 

25 below, the present invention provides a control wedge 
Incorporating patterns which can be used to accurately 
and easily establish, monitor and adjust the imageset- 
ting or platesetting to ensure proper recording of the de- 
sired image on the finished media 

30 Figure 7 depicts a control wedge In accordance with 
the present invention. The digital control wedge will typ- 
ically reside in digital form in the platesetter or images- 
etter controller 230 or 330, or Image processor 205 or 
305, or RIP 210, 310 of Figures 2 and 3. In the plateset- 

35 ter and imagesetter systems 200 and 300 depicted in 
Figures 2 and 3, the density and hence, the quality of a 
finished image on the media is affected by the operating 
parameters of the platesetter or imagesetter 220 or 320, 
and/or the media processor 240 or 340. 

In accordance with the present Invention, the com- 
bined affects of the imaging and processing devices can 
be determined using the Figure 7 control wedge. Since 
these affects cannot be readily separated, the control 
wedge, as will be described in detail below, provides an 
accurate and user friendly means to establish operating 
parameters based upon the full system operation, and 
hence facilitates the establishment and adjustment of 
operating parameters of the imaging device based upon 
the operation of both the imaging and finishing devices. 

« I n the Flgu re 7 control wedge, the actual patterns In 
the identified areas are described textualfy using labels 
rather than by a depiction of the patterns themselves for 
clarity. The actual images are depicted in the array of 
control wedges depicted in Figure 8. As shown in Figure 

£5 7, the control wedge Is formed of various patterns which 
are imaged on a selected media. It will be understood 
by those skilled in the art, that any combination of the 
disclosed patterns may be utilized. For example, in cer- 
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lain implementations, it may be desirable or even ad- 
vantageous to limit the control wedge to, tor example, a 
checkerboard, or a highlight/shadow dot or a midtone 
array pattern, or to one or more of the text, hairline or 
microtine patterns. However, preferably, all o1 the pat- 
terns depicted in Figure 7 are included In the control 
wedge lor use in establishing and monitoring the quality 
images recorded on the media by the platesetter 220 or 
imagesetter 320 of Figures 2 and 3. 

The depicted control wedge 700 is recorded on a 
media 710 and Includes an array of checkerboard patch- 
es which form the checkerboard pattern 720. The size 
of the halftone dots forming the checkerboard patches 
continuously increases on a patch by patch basis from 
a single pixel to 6x8 pixels, as indicated. The 8x8 pixel 
checkerboard patch also extends adjacent to the entire 
row of checkerboard patches. The 1x1 checkerboard 
patch is the most sensitive of the imaged patches, with 
each consecutive patch being less sensitive than the pri- 
or adjacent patch. The 8x8 pixel patch represents the 
least sensitive of the Imaged checkerboard patches. 
The least sensitive dot could, if desired, be either farger 
or smaller than the 8x8 pixel dot size indicated, as will 
be discussed further below. 

The least sensitive patch corresponds to a multiple 
of the resolution rate of the platesetter 220 or Images- 
etter 320. The actual spacing of the pixels, and the 
course adjustment of their size, Is determined by the ad- 
dressability of the platesetter or imagesetter. Minor ad- 
justments to the pixel size, and hence, the size of each 
halftone dot, is performed by adjusting the exposure, in- 
tensity and/or degree of processing. The control wedge 
700 is advantageously used for this purpose and partic- 
ularly for exposure adjustment. 

The checkerboard patches forming the checker- 
board pattern 720 could, of course, include halftone dots 
formed of more than sixty-four pixels. For example, 9x9, 
10x10, etc., checkerboard patches could be included, if 
desired. Similarly, the checkerboard patches could be 
limited to dot sizes which are less than 8x8 pixels. For 
example, the checkerboard pattern 720 could, if de- 
sired, be limited to checkerboard patches of one pixel 
through 6x6 pixels. Of course, as will be recognized by 
those skilled in the art, other dot size ranges could also 
be utilized. However, preferably the smallest dot size will 
be a one pixel dot since this will provide the greatest 
sensitivity to changes In the exposure. 

The patch having the largest dot size, in this case 
the 8x8 checkerboard patch, will beneficially extend ad- 
jacent to all other checkerboard patches. For example, 
if the least sensitive patch in the checkerboard pattern 
720 has a dot size of 6x6 pixels, It wil I be that patch which 
extends beneath the row of checkerboard patches in a 
manner similar to the 8x8 pixel patch depicted In Figure 
7. 

Figure 7A indicates the relative sensitivity of the re- 
spective checkerboard patches forming the checker- 
board pattern 720 of Figure 7. As indicated, the one pixel 



patch has the greatest sensitivity. This is always the 
case because the dot is formed of only a single pixel 
which grows or shrinks in all directions. The 2x2 halftone 
dot patch Is only half as sensitive as the 1x1 halftone 
s dot patch because adjacent edges of the four pixels 
forming the dots of the 2x2 patch will not have an affect 
on the dot's overall size. Hence, as the exposure chang- 
es any expansion ol adjacent sides of respective pixels 
forming the halftone dots of the 2x2 patch will not In- 
crease or reduce the size of the halftone dot itself, but 
will only Increase or decrease the overlap of adjacent 
pixels forming the dot, or increase or decrease the emp- 
ty area between the adjacent pixels. Accordingly, the 
2x2 halftone dot patch Is less sensitive to changes in the 
platesetter or imagesetter exposure setting. 

As Indicated in Figure 7A, the sensitivity continues 
to decrease with each increase in the number of pixels 
forming the halftone dots making up the patch in relative 
proportion to the inverse of the size Increase. Hence, 
each of the patches forming the checkerboard pattern 
720 possesses a different sensitivity to changes in the 
exposure which is directly dependent upon and related 
to the number of pixels in the halftone dots forming the 
patch. In more practical terms, what this means is that 
to obtain a change in the tint of the 8x8 halftone dot patch 
which is perceivable to the unaided eye, a relatively 
large change in the exposure setting of the platesetter 
or imagesetter Is required. On the other hand, a relative- 
ly 6 mall change in the exposure setting of the platesetter 
or Imagesetter will result in a change In tint of the patch 
formed of a bcl halftone dot which Is perceivable with the 
unaided eye. 

The correct exposure Is that at which the tint of all 
of the halftone dot patches forming the checkerboard 
pattern 720 appear equal to the unaided eye. When this 
criteria is met, the dot area of each of the halftone dot 
patches forming the checkerboard pattern will have a 
nominal fractional area coverage of 50% or, stated an- 
other way, a nominal dot area of 50%. The equal visual 
tint is reflective of all the halftone dots forming the check- 
erboard pattern 720 being true checkerboards and 
hence, being true 50% dots. 

The sharpness and resolving power of the medium 
710 may, however, affect the sensitivity relationship be- 
tween different size dots. For example, If the medium 
710 is of poor resolution quality or has characteristics 
which result In the relationship between images of dif- 
ferent size dots being nonlinear, the proper exposure 
may occur at other than a nominal 50% density. This 
can, for example, be confirmed by using a densitometer 
of the type depicted in Figure 4 to actually measure the 
density of one or more of the halftone patches of the 
checkerboard pattern 720 at the selected exposure. 
This value can then be stored fen, for example, the plate- 
setter or Imagesetter controller 230, 330, RIP 210, 310 
or image processor 205, 305 for continuous exposure 
monitoring and calibration, i.e., adjustment during sub- 
sequent production recording of images, as will be dis- 
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cussed further below. 

To Initially establish the proper exposure, an array 
of the checkerboard patterns 720 at different exposures 
can be generated on a test medium by the platesetter 
220 or imagesetter 320 and processed in the media 
processor 240 or 340, as applicable. Such an array is 
shown In Figure 8, which is a photograph showing an 
array ol control wedges having checkerboard patterns 
imaged thereon at exposures from 900 through 1300. 
As indicated, the visually perceivable tints of the half- 
tone dots forming the checkerboard patches would ap- 
pear to be substantially the same at an exposure lying 
between 1 1 00 and 1 200. A further array of control wedg- 
es, could be Imaged on another piece of test media be- 
ginning at an exposure of 1100 and ending at an expo- 
sure of 1200, if desired, to determine a more exact ex- 
posure setting. However, in practice, it may be accept- 
able to select either exposure setting 1100, or on a best 
guess basis, an exposure between 1100 and 1200, for 
a production run of the presetting system 200 or irrv 
agesetting system 300. 

The control wedge 700 depicted in Figures 7 and B 
also provides other patterns which demonstrate in even 
more practical operational terms, the quality of the pro- 
duction images which can be expected at a selected ex- 
posure and hence the useabillty and quality of the im- 
ages recorded on the medium. 

Referring again to Figure 7, the control wedge In- 
cludes a serif text pattern 730 which is imaged both pos- 
itively and negatively In decreasing size. Serif text, is 
the most difficult text to image due to the short tines 
stemming from and angled to the upper and lower ends 
of the strokes of the letters forming the text. The serif 
text is depicted in Figure 8. Over or under exposure of 
the serif text pattern 730 will result In the serll text fat- 
tening and/or the loss of the smaller point sizes which 
stem from the upper and lower end of the strokes of the 
letters forming the text, depending on whether the pos- 
itive or negative serif text images of the pattern 730 are 
being observed. If the quality of the serif text pattern 730 
is good, the text should appear crisp and clean. Hence, 
by inspecting the positive and negative serif text images, 
an operator can easily confirm that the quality of differ- 
ent sizes of serif text at a selected exposure level are of 
satisfactory quality. 

Positively and negatively imaged hairline pattern 
740 is also provided as Indicated In Figure 7 and shown 
in Figure 8. The hairlines forming the hairline pattern 
740, as will be understood by the skilled artisan, conform 
to a standard 0.025 mils in thickness. These thin lines 
provide the operator with a clear indication of the line 
quality which can be expected for production images re- 
corded on the media 71 0 at a selected exposure setting. 
More particularly, when the media is properly exposed, 
the line weights of the hairlines forming the hairline pat- 
tern 740 should be equal and the hairlines should be 
recorded as a crisp and clean Image rendition. 

The control wedge 700 also provides a positively 



and negatively imaged standard serif text pattern 750 
which provides a further check and confirmation on the 
quality of production text imaging which can be expect- 
ed at a selected exposure level. The standard serif text 

5 pattern 750 is formed by recording three point text. Re- 
versed text can be problematic when the exposure is 
incorrectly set. Accordingly, the standard serll text pat- 
tern 750 provides a tool for confirming that the positive 
and negative three point seril text will be simitar in ap- 

10 pearance and size in a production run at a selected ex- 
posure setting. Here again, a crisp and clean image ren- 
dition is indicative of high quality imaging. 

A positively and negatively imaged microline corn- 
field pattern 760 provides yet another check on the qual- 
ity ol production images which can be expected during 
production recording at a selected exposure setting. It 
should be noted that the microlines forming the micro- 
line pattern 760 are formed such that the spacing be- 
tween the lines is twice the width of the lines. Accord- 

20 ingly, if the lines have a one pixel width, the spacing be- 
tween lines Is two pixels. This provides an observer with 
an enhanced visual perception of the quality of the mi- 
crolines forming the pattern 760 over that provided by 
microlines having their spacing equal to their width. As 

25 indicated in Figure 8, the microline pattern 760 is formed 
of various cornfields having different width microlines, 
the narrowest of which are 10.6 microns, i.e., one pixel 
In width, and the widest of which are 63.5 microns, i.e., 
6 pixels in width. Of course, other microline widths could, 

30 if desired, be utilized. Because the microlines have 
widths between 10 and 70 mlllionths of a meter, the mi- 
croline pattern 760 will react to changes in the resolution 
setting of the presetting or bmagesettlng systems 200 
or 300 of Figures 2 and 3. For example, if the smallest 

6 mark which can be imaged is 1 0.6 microns at 2400 dpi, 
14.1 microns at 1800 dpi and 21.1 microns at 1200 dpi, 
these lines are arranged in alternating horizontal and 
vertical rows to lorm the cornfield pattern 760. The lines 
increase in width from left to right as indicated. When 

40 the optimal exposure is achieved, the upper and lower 
segments of each microline patch will have the same 
visual tonal appearance. Additionally, the microlines will 
be crisp and clean. 

A still further check which will provide the operator 
with balance information In terms of the perceivable 
density is provided through a midtone array pattern 770 
of Figures 7 and 8. As indicated in Figures 7 and 8, the 
midtone array pattern 770 is formed of individual patch- 
es between a nominal 41% blackness and a nominal 

so 60% blackness. As will be understood by those skilled 
in the art, this correlates respectively to an appearance 
of 59% blackness at the left end of the midtone array 
pattern and 40% blackness at the right end of the mid- 
tone array pattern 770. Hence, the midtone array pattern 

ss 770 provides the operator of the platesetter or Images- 
etter, or other observer, with a visual perception of the 
nominal 50% density in relationship to patterns having 
densities 10% greater or 10% less. 
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Hence, the midtone array pattern 770 will indicate 
any differences which exist between the specified and 
measured midtone dot area densities at a selected ex- 
posure. Linearity calibration can be utilized to correct for 
any discrepancies that exist to bring the specified and 
measured 50% dot patch Into alignment In this regard, 
the midtone array pattern 770 can be utilized to confirm 
that the 50% density patch of the midtone array which 
is block highlighted In Figure 6, has an actual density of 
50%, by reading the density ol the nominal 50% midtone 
patch using, for example, the densitometer 400 depicted 
in Figure 4. The actual density reading can be stored in 
the controller 230, 330, image processor 205, 305 or 
RIP 210, 310 of the presetting system 200 and Imag- 
esetting system 300, as applicable, to be subsequently 
utilized in monitoring Imaged media after media 
processing, as will be discussed further below. 

"me control wedge also Includes a highlight/shadow 
dot pattern 780 as shown in Figures 7 and 8. As indicat- 
ed, the highlight dot provides 0 to 10% reference points 
and the shadow dot provides reference points from 90% 
to 100%. When the optimal exposure is achieved, de- 
tailed dot renderings can be visually perceived from the 
1 0% th rough 1 % and 90% th rough 99% dot areas in the 
highlight/shadow dot pattern 780. A clear, crisp render- 
ing at the Intersection of the 10%, 50% and 90% areas 
of the dot pattern 780 provides a quick reference for vis- 
ual inspection with a magnifying lupe. The density can 
be checked at the 0% highlight dot to confirm that the 
density at a selected exposure comes within the ideal 
maximum density (D max ) range established by the me- 
dia manufacturer, in the case of the media used in the 
Figure 8 photograph, the ideal Dmax range is between 
1 .20 and 1 .22. The density can also or alternatively be 
checked at the 100% shadow dot to confirm that the 
density at the selected exposure comes with an as- 
sumed ideal minimum density (D min ) range, as will be 
understood by the skilled artisan. Here again, the den- 
sity can be checked using the densitometer 400 depict- 
ed in Figure 4. The actual density reading can be stored 
in the plats or imagesetting system controller, worksta- 
tion or RIP, as appropriate, for use in future monitoring 
of production imaging. II the actual density at the 0% 
highlight or 100% shadow dot falls outside the required 
Dmax or Dmin range, as applicable, for the media being 
imaged, the densities at the 0% highlight or 1 00% shad- 
ow dot of other control wedges in the control wedge ar- 
ray of 

Figure 8 are preferably checked and the exposure 
setting closest to that preliminarily selected on the basis 
of the checkerboard pattern 720 and having a density 
within the required Dmax or Dm In range at the 0% high- 
light or 1 00% shadow dot area of pattern 780 is selected 
tor the production run. Accordingly, the ultimately select- 
ed exposure will in all cases have the proper maximum 
density at the 0% highlight dot or minimum density at 
the 100% shadow dot. 

In summary, the exposure of the presetting sys- 



tem 200 or imagesettrig system 300 is initially estab- 
lished by Imaging an array of control wedges at different 
exposures. The checkerboard pattern 720 of Figure 7 is 
then utilized to determine the exposure setting at which 

5 each ol the patches forming the checkerboard pattern 
720 are substantially equal visual tint This exposure is 
preliminarily selected as the proper exposure. The seril 
text, hairline, conventional text, and microiine patterns 
730-760 are inspected visually to confirm the accepta- 

10 bil ity of the quality ol imaging of these test images at the 
preliminarily selected exposure setting. The actual den- 
sity of the 50% nominal density block of the midtone ar- 
ray pattern 770 is detected with a densitometer to de- 
termine the relationship between the actual density at a 

15 nominal 50% density in the midtone array 770. Finally, 
the density at the 0% highlight or 100% shadow dot in 
the highlight/shadow dot pattern 780 is read with a den- 
sitometer and compared to the required or D min to 
ensure that the actual density is within the requi red D max 

20 or D mh range. If so, production operations may proceed 
at the preliminarily selected exposure setting. If not, an- 
other control wedge in the Figure 8 array, having an ex- 
posure as close as possible to the preliminarily selected 
exposure and a density at the 0% highlight or 100% 

25 shadow dot of the highlight/shadow dot pattern 780 with- 
in the required D^ or D mln range is identified. Produc- 
tion operations can then proceed at this latter exposure 
setting. After the exposure setting has been established 
as described above, the quality of the recorded images 

oo can be continuously monitored and the exposure of the 
platesetter or imagesetter automatically adjusted as ap- 
propriate. 

Figure 9 depicts a finished medium 250 or 350 from 
a production run of the presetting system 200 or im- 

55 agesetting system 300 of Figures 2 and 3. The finished 
medium 250 or 350 includes an image area 910 in which 
the desired production images have been recorded and 
a border area 920 adjacent to the outer edges of the 
medi urn 250 or 350 in wh ich one or more control wedges 

40 930 are recorded. As discussed above, the control 
wedge may include al I or a subset of the various patterns 
depicted in wedge 700 of Figure 7 which have been de- 
scribed In detail above. Additionally, It should be under- 
stood that although two wedges are depicted, more or 

45 less wedges may be recorded in the border area 920 of 
the medium 250 or 350 as may be desirable for moni- 
toring the quality ol the finished media during production 
runs of the platesetter or imagesetter. The control wedg- 
es may be visually monitored by the operator in the man- 

50 ner described above, but will preferably will be moni- 
tored both visually by the operator and using the densi- 
tometer 400 of Figure 4. With respect to monitoring 
through the use ol the densitometer 400 of Figure 4, the 
finished medium 250 or 350 will be conveyed such that 

55 one or both wedges are read by a densitometer 400 to 
measure the density of one or more finished patterns 
within the wedge 930. For example, the densitometer 
may monitor the 0% highlight or 100% shadow dot of 
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the highlight/shadow dot pattern 760, as discussed 
above with reference to Figure 7. If the 0% highlight or 
100% shadow dot of pattern 760 is used for monitoring, 
the density reading Is compared with the pre-estab- 
lished Dmax or Dmin range. 

Alternatively, the densitometer 400 can be used to 
monitor one of the patches forming the checkerboard 
pattern 720 depicted in Figure 7. For example, the den- 
sity of the 2x2 pixel patch or another patch making up 
the checkerboard pattern 720. The measured density is 
compared to those in a look-up table (LUT) of the type 
shown in Figure 10 which can, for example, be created 
by reading the densities from the various control wedges 
700 Included In the control wedge array depicted in Fig- 
ure 6. The LUT may, for example, be stored in memory 
within the controller 230, 330, image processor 205, 305 
or RIP 210, 310 o1 the plates etting system 200 or imag- 
esetting system 300 so that by comparing the density of 
the finished medium detected by densitometer 400 with 
the densities in the LUT, the exposure can be adjusted 
automatically to provide the correct density for the mon- 
itored patches of the checkerboard pattern 720. 

The LUT depicted in Figure 1 0, lists the densities of 
each of the respective patches ol the checkerboard pat- 
tern 720 of Figure 7 based upon the particular exposure 
of the applicable control wedge in the control wedge ar- 
ray of Figure 8. It will be noted that the LUT of Figure 10 
includes densities for control wedges at exposures 
which are not depicted in Figure 8. The control wedges 
at exposures less than and greater than those indicated 
in Figure 8 are not shown to avoid unnecessary redun- 
dancy. In any event, as indicated in Figure 1 0, the target 
density for the 2x2 pixel patch of the checkerboard pat- 
tern 720 is 0.543. This will provide the correct exposure 
as previously determined in establishing the exposure 
setting prior to beginning production imaging. II, for ex- 
ample, the measured density of the 2x2 pixel patch of 
the checkerboard pattern 720 is 0.813, the exposure 
would be automatically corrected by the controller 230, 
330, Image processor 205, 305 or RIP 210, 310 of the 
plate or imagesetter 200, 300 to decrease the density 
of the 2x2 patch of th e checkerboard pattern 720 imaged 
on subsequent production media In this regard, the ex- 
posure might be increased or decreased from the cur- 
rent 1200, e.g. resetting the exposure to a 1300 setting. 
Subsequently, finished production media would likewise 
be monitored and further adjustment made to the expo- 
sure setting based upon the density of the 2x2 patch of 
the checkerboard pattern 720 in wedges 930 detected 
by the densitometer 400 

A still further alternative is to monitor the density of 
the 50% patch of the mldtone array pattern 770 on the 
finished media 250 or 350. The density reading would 
then be compared with the density of the 50% patch de- 
tected from the control wedge of the Figure 8 control 
wedge array having the exposure setting selected for 
production imaging. 

As noted above, the density reading from the den- 



sitometer 400 of Figure 4 is transmitted to the controller 
230, 330, Image processor 205, 305 or RIP 210, 310 of 
the imaging system 200, 300 of Figures 2 and 3 which, 
responsive thereto, adjusts the exposure as necessary 

5 to ensure that subsequently imaged production media 
control wedge patterns 930 include a density test patch 
having the proper density. It will be recognized that mon- 
itoring of the 50% patch of the midtone array pattern 770 
or the 0% highlight or 1 00% shadow dot of the highlight/ 

10 shadow dot pattern 780 provide a somewhat simplified 
system as compared to the monitoring of one of the 
patches in the checkerboard pattern 720 and utilizing a 
LUT of the type shown in Figure 10 to perform the ad- 
justment However, the use of LUT may make It easier 

75 to obtain the correct exposure adjustment. 

Figure 11 depicts a block diagram of a digital 
processing system 1100 which may be included in the 
image processor 205, 305, RIP 210, 310 andfor control- 
ler 230, 330 of the imaging system 200, 300 of Figures 

20 2 and 3. The system 1100 preferably utilizes commer- 
cially available components. The Internal system com- 
ponents are generally disposed within the area 1 1 1 0 and 
Include a digital processor 1120 which could, tor exam- 
ple, be a Pentium™ processor. Any commercially avail- 

£5 able keyboard, mouse and monitor can be utilized. A 
high speed communications/network interface, advan- 
tageously including a high speed modem, is preferred 
although not mandatory. The depicted configuration of 
the system 1100 is exemplary. Other components could 

30 be included ft desired either In addition or alternative to 
those depicted. Such other components could, tor ex- 
ample, include an optical storage device (not shown). 
Any number of processing system configurations could 
be suitable for implementing the invention so long as 

35 sufficient storage and processing capability are provid- 
ed. 

Each of the systems 1100 which are included in re- 
spective units of the systems 200 and 300 of Figures 2 
and 3 will be uniquely driven to operate in accordance 

40 with the present invention. That is, the functionality of 
the system 1100 is based upon programming instruc- 
tions which drive its operation. It will also be understood 
that no matter whether the system 1100 forms pari of 
the controller 230, 330, image processor 205, 305 or 

45 RIP210, 310, itwilloperatesoastodrivetheplatesetter 
210 or imagesetter 320, as applicable, to image the 
wedge 700 ol Figure 7, array of wedges as shown In 
Figure 8, and/or wedge 900 of Figure 9 on the medium. 
It will additionally be recognized by those skilled in the 

so art that only routine programming is required to imple- 
ment the necessary programming instructions. Further, 
because the components and configuration of the sys- 
tem 1100 are conventional, routine operations per- 
formed by the depicted components will generally not 

« be described, such operations being well understood in 
the art. 

Preferably, the system 1100 initially stores Its 
unique programming instructions on its read only mem- 
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ory (ROM) 1130 or the hard disk 11 40 A associated with 
the hard drive 1140 which is controlled by drive control- 
ler 1 1 50. The LUT, pre-established density range or 50% 
midtone patch density, as applicable, Is prelerably 
stored in the random access memory (RAM) 1160. Dur- 
ing operation of the system 1100, the programming in- 
structions and other Information stored Initially on the 
ROM or hard disk, will typically be downloaded to the 
RAM and accessed directly from the RAM by the proc- 
essor 1120 during operations. 

As shown In Figure 11, the processor 1120 Is Inter- 
connected via the bus 11 35 with the CD drive 11 90, flop- 
py drive 1 1 95 and hard drive 1 1 40 through the drive con- 
troller 1 1 50 and to the ROM 11 30 and RAM 11 60, all of 
which provide system storage for the programming in- 
structions or data which will be accessed by the proc- 
essor 1120. The processor 1120 is also interconnected 
via the bus 1135 with the keyboard 1170 and mouse 
1180 via an Input interface 1145 to receive operator in- 
puts. Processor 1120 is also operatrvely connected to 
the display 1105 via a display interlace 11 15 to facilitate 
the display of information to the operator of the plate- 
setting or imagesetting systems. The communications/ 
network interface 1125 interconnects the processor 
1 120 with the densitometer 400 of Figure 4 as has been 
previously discussed. The interface 11 25 may also con- 
nect the system 1 100 to a network as will be discussed 
lurther below. 

As shown in Figure 12, a network 1200 connects a 
controller 230, 330, Image processor 205, 305 or RIP 
210, 310, having a processing system 1100 included 
therein, to multiple platesetters 220 and/or imagesetters 
320. As shown In Figure 12, the processing system 1100 
included in the controller, image processor or RIP con- 
trols the operation of multiple platesetters 220 and/or 
imagesetters 320 via the network 1200. 

The operation of the system 1100 in driving the im- 
aging by the platesetter 220 or Imagesetter 320 of Fig- 
ures 2 and 3 will now be described in the networked en- 
vironment as shown in Figure 1 2 In accordance with the 
present invention. The operator initializes the system 
1 100 by stroking the appropriate keys on the keyboard 
1170 to generate a signal via the input interface 1145 
and bus 1135 to the processor 1120. The operator also 
inputs via the keyboard 1170 an exposure range and 
unit steps, e.g. 5 exposure units, to be used in imaging 
a control wedge array. If the density to be read by the 
densitometer 400 is, for example, associated with the 
0% highlight or 100% shadow dot of the highlight/shad- 
ow dot pattern 780, the pre-established Dmax or Dmin 
range for the media is also entered by the operator via 
the keyboard 1 1 70 and stored by the processor 1 1 20 on 
the RAM 1160. The processor 1120 in accordance with 
the programmed instructions stored on the ROM 1130 
generates a signaJ which is transmitted via the bus 11 35 
to the communications/network interface 1125 for for- 
warding to the appropriate platesetter 220 or imageset- 
ter 320. The communications/network interface 1125 



transmits the signal via the network 1200 to the appli- 
cable platesetter 220 or Imagesetter 320 which, respon- 
sive thereto, generates an array of wedges as described 
above with reference to Figures 7 and 8 on a medium. 
5 The imaged medium is finished in a media processor 
240 or 340 and output from the imaging system 200 or 
300, as applicable. The density of one or more selected 
patches or patterns of one or more control wedges on 
the finished medium 250 or 350 may be read by the den- 
to sitometer 400 of Figure 4 as described above, and the 
density transmitted via the network 1 200 to the network 
interface 11 25. The density or densities are received by 
the processor 1120 via the bus 1135 and stored in the 
RAM 1160 and displayed on the display 1105. If appro- 
is prate, the processor 1 1 20 may be driven by the instruc- 
tions stored on ROM 1 1 30 to generate a LUT of the type 
shown in Figure 10 for storage on the RAM 1160 and 
display on display 1105. The processor may also or al- 
ternatively be driven by the stored programming instruc- 
ts lions to compare the detected density or densities of the 
highlight/shadow dot to the Dmax or Dmin range. The 
operator examines the array of control wedges and the 
various density readings to select the proper exposure 
for the production run, as has been described in detail 
25 above. The processor may additionally or alternatively 
store the density of the 50% midtone patch on RAM 
1160 and display the density on display 1105. 

The selected exposure Is entered via keyboard 
1170 and stored by the processor 1120 and the RAM 
30 1160. The operator then enters the necessary Input to 
Initiate the production run at the selected exposure. This 
information is conveyed via the processor 1 1 20 through 
the communications/network interface 1125 over the 
network 1 200 to the applicable platesetter 220 or imag- 
es esetter 320. Along with this instruction to initiate the op- 
erational run, the processor 1120, in accordance with 
the instructions stored on ROM 1130, also transmits a 
signal via the interlace 1125 over network 1200 to the 
applicable platesetter 220 or imagesetter 320 to image 
4> one or more control wedges along the border of the im- 
aged production medium, as discussed above with ref- 
erence to Figure 9. 

The border control wedges are monitored both vis- 
ually by the operator and using the densitometer 400 of 
45 Figure 4. The density detected by the densitometer 400 
during production is transmitted over the network 1200 
from the applicable platesetter 220 or imagesetter 320 
and via network interface 11 25 and the bus 1135 to the 
processor 1120. The processor 1120 compares this in- 
so formation with either a LUT of the type shown in Figure 
1 0 which has been dsvebped using the densities trans- 
mitted from the densitometer during the pre-production 
imaging of the control wedge array, or with the prede- 
termined or D m | n range Input by the operator, or 
55 with the 50% midtone patch density delected from the 
control wedge in the array which was exposed at the 
selected exposure setting to determine if adjustment to 
the exposure setting is required. 
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If so, the processor 1 1 20 automatically transmits via 
the Interface 1125 a control signal which is received vta 
the network 1200 by the applicable platesetter 220 or 
Imagesetter 320 to adjust the exposure during the sub- 
sequent production imaging of the media Accordingly, 
a closed loop system is provided for automatically ad- 
justing the exposure. Alternatively, the operator would 
also have the option to adjust the exposure of subse- 
quently imaged production media by Inputting a revised 
exposure setting via the keyboard 1170 which would be 
directed by the processor 1 1 20 via the network Interface 
1120 to the applicable platesetter 220 or imagesetter 
320. 

As described in detail above, the present invention 
provides an improved technique for calibrating digital 
platesetters and imagesetters. The technique allows 
platesetter and imagesetter operators to simply and pre- 
cisely establish the correct exposure lor the Imager prior 
to production recording of desired images on a media. 
The technique also allows operators to simply and pre- 
cisely monitor repeatability ot the platesetter or image- 
setter using a familiar type tool similar to that used in 
non-digital platemaking. The technique helps plateset- 
ter and imagesetter operators to visually determine 
whether or not the exposure has been optimally adjust- 
ed and facilitates a precise determination of how close 
the platesetter or imagesetter exposure is to its optimum 
exposure setting. The technique Is user friendly and fa- 
cilitates the visual determination of the acceptability of 
characters and designs which will be recorded during 
production operations on a medium at a selected expo- 
sure level. The present invention also provides a plate- 
setter or Imagesetter system with automated exposure 
monitoring and/or control. 

It will also be recognized by those skilled In the art 
that, while the invention has been described above in 
terms of a preferred embodiment(s) it is not limited 
thereto. Various features and aspects of the above de- 
scribed invention may be used individually or jointly. Fu r- 
ther, although the Invention has been described In the 
context of its use in particular implementation(s) and en- 
vironments), those skilled In the art will recognize that 
the present Invention can be beneficially utilized in other 
implementations and environments. Accordingly, the 
claims set lorth below should be construed In view of 
the full breath and spirit of the invention as disclosed 
herein. 



Claims 

1. An article of manufacture, comprising: 
a medium (710); 

a plurality of checkerboard patches (720) re- 
corded on said medium, each of said patches 
being of equal nominal tint and being formed of 
dots (51 0), the dots ol each of said patches be- 



ing of equal nominal size with the size being 
different from that of the dots forming all other 
of said patches, and one of said patches being 
arranged adjacent to all other of said patches. 

5 

2. An article of manufacture according to claim 1, 
wherein the size of the dots (510) of another of said 
patches (720) is one pixel (520). 

10 3. An article of manufacture according to claim 1, 
wherein the plurality of patches (720) are arranged 
in a row and the one patch is disposed along a 
length of said row adjacent to all other patches. 

IS 4. An article of manufacture according to claim 3, 
wherein a first of the patches (720) In said row is 
formed of dots (510) one pixel (520) in size and 
each of the other patches In said row are respec- 
tively formed of dots the size of which exceeds the 

£0 size of the dots of the prior patch in said row. 

5. An article of manufacture according to claim 3, 
wherein a first of the patches (720) in said row is 
formed of dots (510) the size of which is one pixel 

25 (520) and each of the other patches in said row are 
respectively formed of dots the size of which ex- 
ceeds the size of the dots of the prior patch in said 
row by one pixel In each of two orthogonal direc- 
tions. 

30 

6. A method for calibrating a digital imager (220), com- 
prising the steps of: 

forming fi rst dots of equal nominal size on a me- 
ss dium (71 0) to create a first checkerboard patch 
having a nominal tint; 

forming second dots of equal nominal size on 
the medium (710) to create a second checker- 
board patch having the nominal tint, the size of 
4> the second dots being larger than the size o1 

the first dots and the second patch being ar- 
ranged adjacent to the first patch; and 
adjusting the exposure of the imager (220) such 
that a tint of the second patch is substantially 
45 identical to a tint of the first patch. 

7. A method according to claim 6, wherein the nominal 
tint is 50%. 

50 8. A method according to claim 6, wherein the size ol 
each of the first dots is one pixel (520). 

9. A method according to claim 6, further comprising 
the step of forming third dots ot equal nominal size 
« on the med ium (7 1 0) to create a th ird checkerboard 
patch having the nominal tint, the size of the third 
dots being larger than the size of the first dots and 
smaller than the size of the second dots, and the 
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third patch being arranged adjacent to the first 
patch; 

wherein the patches are disposed In a row with 
the third patch positioned between the First £ 
patch and the second patch, and the second 
patch further extending along a length of said 
row. 

10. A method according to claim 9, wherein the First 10 
patch Is disposed at one end of said row and each 

of the first dots is one pixel (520) in size and the 
second patch is disposed at the other end of said 
row. 

is 

11 . A method according to claim 9, wherein the size of 
each of the first dots is one pixel (520) and the size 
of each of the third dots Is two pixels by two pixels 
and the size of each of the second dots is greater 
than two pixels by two pixels. #0 

12. A method according to claim 6, wherein the size of 
each of the dots of the second patch corresponds 
to a Fixed parameter ol the imager (220). 

25 

13. A method according to claim 12, wherein the fixed 
parameter is a multiple of a resolution rate of the 
Imager (220). 

1 4. A method according to claim 6, wherein the second &> 
patch is less sensitive to exposure variations than 
the first patch. 

15. A method according to claim 6, further comprising 
the steps of: as 

operating the imager (220) at a first exposure 
setting to create a first control wedge on the me- 
dium (710) including said first checkerboard 
patch and said second checkerboard patch; 40 
and 

operating the Imager (220) at a second expo- 
sure setting to create a second control wedge 
on the medium including a third checkerboard 
patch formed of the first dots and having the 
nominal tint, and a fourth checkerboard patch 
formed of the second dots and having the nom- 
inal tint; and 

determining which of the first exposure or the 
second exposure is a preferred exposure of the so 
imager (220) based upon a comparison of a tint 
of the second patch with a tint the first patch 
and a comparison of a tint of the fourth patch 
with a tint the third patch. 

55 

16. A method according to claim 15, wherein the pre- 
ferred exposure Is determined to be the first expo- 
sure if the tint ol the second patch and the tint of the 



first patch are more closely matched than the tint of 
the fourth patch and the tint of the third patch. 

17. Arrethcdexcordlngtoda^ 

the step of determining that the preferred exposure 
Is a proper exposure if the tint of the first patch vis- 
ually matches the tint of the second patch. 

1a A method according to claim 15, wherein the size 
of each of the second dots corresponds to a multiple 
of a resolution rate of the imager (220) and the size 
of each of the first dots is one pixel (520). 

19. A method according to claim 15, wherein: 

the first control wedge hcludes a fifth checker- 
board patch, arranged between the first and the 
second patches in afirst row of patches, formed 
of third dots of equal nominal size with the size 
being larger than that of the first dots and small- 
er than that of the second dots and having the 
nominal tint; 

the second control wedge Includes a sixth 
checkerboard patch, arranged between the 
third and the fourth patches in a second row of 
patches, formed of the third dots and having the 
nominal tint; 

the second patch extends along a length of said 
first row so as to be adjacent to a II other patches 
within the first row; and 
the fourth patch extends along a length of said 
second row so as to be adjacent to all other 
patches In the second row. 

20. A method according to claim 19, wherein the size 
of each of the first dots is one pixel (520) and the 
size of each of the third dots is two pixels by two 
pixels and the size of each of the second dots is 
greater than two pixels by two pixels. 

21. An article of manufacture according to claim 1 , fur- 
ther comprising: 

a plurality of patterns (700) including positively 
and negatively imaged patterns recorded on 
said medium (710), said plurality of patterns be- 
ing selected from a group of patterns consisting 
of a serif text pattern (730), a hairline pattern 
(740), a midtone array pattern (770), a high- 
light/shadow dot pattern (760) and a microiine 
pattern (760) including microlines having a one 
pixel width and two pixel spacing between mi- 
crolines. 

22. A method according to claim 15, further comprising 
the steps of: 

operating the imager (220) at said first expo- 
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sure setting to create said first control wedge 
on said medium (710) including a first plurality 
of patterns (700) being selected from a group 
of patterns consisting ol a serif text pattern 
(730), a hairline pattern (740), a microline pat- s 
tem (760), a miolone array pattern (770), a 
highlight/shadow dot pattern (780); 
operating the imager (220) at said second ex- 
posure setting to create said second control 
wedge on said medium (710) including a sec- io 
ond plurality of patterns (700) being In a form 
identical to that of the first plurality of patterns; 
> visually comparing said first plurality of patterns 
and said second plurality of patterns; and 
selecting either the first exposure or the second is 
exposure for imaging based upon the visual 
comparison. 

23. An article of manufacture according to claim 21, 
wherein said highlight/shadow dot pattern (780) is 20 
suitable for checking a maximum or minimum den- 
sity of an image recorded on the recording medium 
(710). 

24. An imaging system (200), having an image proces- & 
sor (205) for editing an image to be recorded, a 
raster image processor (210) for converting data 
from the image processor, and an Imager (220) con- 
trolled by a controller (230) for exposing a medium 
(710) in accordance with the converted data to 00 
record the image comprising: 

a memory device (1 1 40A) configured to store a 
set of instructions, and 

a digital processor (1 1 20) associated with said & 
imager (220) and interconnected to the memo- 
ry device (11 40 A) which is configured to gener- 
ate, in accordance with said stored Instructions, 
a signal responsive to which said imager ex- 
poses the medium (710) to record a plurality of 40 
patches on the medium, each of said plurality 
of patches being a checkerboard of equal nom- 
inal tint and being formed of dots (510), the dots 
of each of said plurality of patches being of 
equal nominal size with the size being different 45 
from that of the dots forming all other of said 
plurality of patches, and one of said plurality of 
patches being arranged adjacent to all other of 
said plurality of patches. 

so 

25. An imaging system (200) according to claim 24, 
wherein said digital processor (1120), In accord- 
ance with said stored instructions, is further config- 
ured to generate a second signal responsive to 
which said imager (220) exposes the medium (710) ss 
to record a plurality of patterns, the plurality of pat- 
terns including at least one of a serif text pattern 
(730), a hairline pattern (740), a microline pattern 



(760) and a mkJtone array pattern (770), on said 
medium. 

26. An Imaging system (200) according to claim 25, 
wherein said digital processor (1 1 20) is further con- 
figured to generate, In accordance with said stored 
instructions, a third signal responsive to which said 
imager (220) exposes the medium (710) to record 
a highlight/shadow dot pattern (7B0) on said medi- 
um. 

27. An imaging system (200) according to claim 26, fur- 
ther comprising: 

a densitometer (400) configured to detect a 
density of one of the plurality of patches (720) 
and the plurality of patterns; 
wherein the digital processor (1120) is config- 
ured to generate, in accordance wtth the stored 
instructions, a fourth signal to change an expo- 
sure setting of the imager (220) based upon the 
detected density. 

2a An imaging system (200) according to claim 24, 
wherein said digital processor (1120), in accord- 
ance with said stored instructions, is further config- 
ured to generate a second signal responsive to 
which said imager (220) exposes the medium (710) 
to record a highlight/shadow dot pattern (720) on 
the medium. 

29. An imaging system (200) according to claim 24, fur- 
ther comprising: 

a media processor (240) configured to develop 
the exposed medium (250) such that said plu- 
rality of patches (720) on the deve toped medi- 
um are indicative of the combined operation of 
the imager (220) and the media processor. 

30. An imaging system (200) according to claim 24, 
wherein said medium (710) is one of a plate, a film 
and a paper medium. 

31. An imaging system (200) according to claim 24, 
wherein said digital processor (1120) is intercon- 
nected to a network (1200) and said signals are 
transmitted to the imager (220) over said network. 

32. An article of manufacture according to claim 21 , fur- 
ther comprising: 

computer readable storage medium (11 40 A); 
and 

computer programming stored on said storage 
medium; 

wherein said stored computer programming is 
configured to be readable from said computer 



14 



27 EP0864422A2 

readable storage medium by a computer (205) 
and thereby cause said computer to operate so 
as to: 

generate a first signal responsive to which an 
imager (220) exposes said medium (710) to * 
record said plurality of patches (720) thereon. 

33. An article ol manufacture according to claim 21, 
wherein said stored computer programming Is con- 
figured to be readable from said computer readable 10 
storage medium (1140A) by the computer (205) to 
thereby cause said computer to operate so as to: 

generate a second signal responsive to which 
the imager (220) exposes the medium (71 0) to is 
record said plurality of patterns (700) on said 
medium, and 

generate a third signal responsive to which the 
imager (220) exposes the medium (710) to 
record one of said highlight/shadow dot pattern 20 
(780) on said medium. 

34. An imaging system (200) according to claim 24, 
wherein the digital processor (1120) forms part of 
said raster image processor (210), said raster im- 2s 
age processor being interconnected to said imager 
(220). 

35. An imaging system (200) according to claim 24, 
wherein the digital processor (1120) forms part of 
said controller (230) 

36. An imaging system (200) according to claim 24, 
wherein the digital processor (1120) forms part of 
said image processor (205) and is Interconnected $s 
to said imager (220). 
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Info: Exposure Sweep 

Exposure Test D.Romano 1/30/97 
Engine type & name: Avantra 44 
Media type and emulsion batch: ZHN Paper 
Chemistry type, temp and speed: CG50 
Screening technology: ABS 
Image parameters: Positive, right reading 
Calibration info.: NONE 
Start: 900 - End: 1300 - Step: 100 
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